UNCLASSIFIED

AD NUMBER

ADO007199

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to DoD and DoD
contractors only; Foreign Government
Information; 30 MAR 1953. Other requests
shall be referred to British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

AUTHORITY

DSTL, WO 189/657, 20 May 2008

THIS PAGE IS UNCLASSIFIED




I
| Reproduced by

Hrmed Services Technical Information Agency
"DOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, 2, OHIO

N

1199

'UNCLASSIFIED




Best
- Available
Copy



UNCLASSIFIED
P.T.P. 319 P.T.P. 319

MINISTRY OF SUPPLY

CHE ARy

«
=HDIFFETORATE OF CHEMICAL DEFENCE RESEARCH AND DEVELOPMENT
},M.‘”
o

T q;:HEMICAL DEFENCE EXPERIMENTAL ESTABLISHMENT

THE PREPARATION OF FLUOROCITRIC
ACID AND ATTEMPTED SYNTHESIS OF
FLUOROPYRUVIC ACID

By

D.E.A. RIVETT

PORTON TECHNICAL PAPER No. 319

THE (O RMATICN U] 70T 2TroRT (S

pDIsC - : v .oy TUE

RICT : © 0N

T S, P A

C.D.E.E. cC - - A A 41

Porton. PRiOR v oy Ul ue T M (RY VOB
Wilts. SUPPLY,

UNCLASSIFIED




UNCLASSIFIED

: SUMMARY :
: PORTON TECHNICAL PAPER NO. 319 :
P IWIE 3. AR 053

THE PREFARATION OF FLUOROCITRIC ACID AND
ATTENMPTED SYNTHSSIS OF FLUQROFYRUVIC ACID.

by
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1. The successful preparation of flucrocitric acid is described.

2. Attempts to synthesise fluoropyruvie acid by five different
methods all failed.
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THE SYNTHESIS OF FLUCROCITRIC ACID AND

ATTEMPTED SYNTIESIS OF FIUGROPYRUVIC ACTID

by

»
D.E.A, Rivett

I. Synthesis of fluorocitric aeid

Introduc’ion

Fluorocitriec acid is at present suspected of being the metabolite
responsible for the toxicity of fluoroacetate (for a recent review
see (1)). Since this material had been isolated from natural sources
in only very amall awounts (a few milligrams), it was very desirable
to confirn its identity by synthesis. Besides, if' it could be made
synthetically, the very laborious isoletion of the comparatively large
apounts required for biochemical studies, would be unnecessary.

Method of Preparation -

Of the varicus methods used For the synthesis of citrio acid,
that of Lawrence (2) appeared to be best suited for the preperation of
a substituted citric acid, even though a poor yield was to be expected.

COOC Hg COOC i,

l!3=0 + Br. C_Hz C°°°2H5 . ] HO‘(:)-CHZ-COOCZHS
F-CH —h— F~CH

lcooczn5 <,10002H5

]

South African Scientist attached to C.D.E.E., Parton.



The ethyl fluoroxalacetote was obtained by condensation of ethyl
fluorcacetate with ethyl oxalate in the presence of sodium ecthoxide.
In order to cbtain good yields it was important that the sodio
derivative should be rapidly hydrolysed with exoess aeid, as otherwise
free alkali (formed on addition of water) would saponify the ester and
give rise to :iuch unwanted acidie materiale Fron the high-boiling
regidues a crystalline fluorine-free by-product was isolated, at
times about 8% of the weight of fluoracctate used. It tailed to form
a 2,4 dimitrophenylhydrazone or semicarbazone. Although it reacted
with p-nitrobenzoyl ehloride, and with benzoyl chloride, the product
could not be obtained crystalline. The acid resulting from hydrolysis
was an oil. On treatment with alecoholic armonia it furnished a
arystrlline material, presumably an amide. Infra-red examination
of this by-produet suggested that both primary alecholic and ether
linkages were present, and that it econtained at lseast four carbon
atoms joined together in a chain. The strueture of this material
is still undetermined.

The keformatsky reaction between ethyl fluoroxalacetate and
ethyl bromoacetate gave ethyl fluoroeitrate in sbout 12% yield.
Hydrolysis of this ester, preferably by acid, furnished the extremely
hygroscopic acid, which is most conveniently handled as the barium
salt.

Digeuscion

The infra-red spectrum of the synthetic barium rlucrccitrate
was identical with that of the barium salt of the active fraction,
igolated by Sir Rudolph Peters at Oxford. The infro-red spectra
of natural and synthetic barium fluorolactate and of ethyl fluoro-
Citrate are reeorded in the Apprendix.

Feters has mecasured the inhibitor activity of scdiur fluorocitrate
by incubating it with kidney enzyme (f>r a description of the methed
see (1)). It had an activity of 1.13 pg. (0.0041 pllol.)/unit which
ig half that ~f the isolated fluorotricarbexylic acid.  With two
asymmetric centres in the molecule of fluorceitric acid four
disstereoisomers (two racemates) cre possible. It is possible that
only one racemate is active. If 3o, the synthetic material would
possess only half the activity of the natural product.

Toxicity tests, carried out on only o few animals, indicated the
following approximate toxieity fiures:-

Toxieity of fluorocitric ncid (T2234)

Rabbits, subcutaneously LD50 15 mg,./kg.
4 tge/kg.

Rabtits, intramscularly LD50

Mice, subcutaneously LDy 50 mg./kge



II. ATTEMPTED SYNTHESIS OF FLUOROPYRUVIC ACID

Introdu-tion

Beconse of the important part played by pyruvic acid as an
intermeciate in metabolic processes it seemed likely that fluorepyruvie
acid wou Ll strongly inhibit these processes in the some woy as the
aliphatic flucroacids, and so be extremely toxic. Besides, as pointed
out by Cienoweth (3) this material could be used to settle some of the
eutstan..ng muestions eoncerning the mechanism of action of the
fluorcacids.  Although fluorcpyruvic acid wus not actually prepared,
it was c.asidered Cdegirakle to place on record the methods used in
its atterpted symtlissis.

Methods ~f Preparation.

1. The replacement by fluorine cf halogen in a substituted pyruvie
acid was obviously “he mcthod to examine first viz.

XCE , . c?oc
I

C.

jas]

# M — F.CH. O COR + MX
1l
0

=2 M =K, N, H, W , entinony

However, the fluori+wation of ethyl chlorcpyruvate with either potassium
fluorii.. godium finoride = bifluoride mixture, hydrofluoric acid,
armoniun fluor ide cr antimony trifluoride was corpletely unsuccessful.
Unchangel chleoro-b- 'y wus the only isolable uaterial from these
reactions. Dv. ...l Tattiron (personal ecrmunication) has obtained
similar roaul. .. uring potagsium or silver fluoride on ethyl chloro-

and hror. - prrutatic-

2. The standarl -2thoed of proparation of 2-keto acids from aecid
bromides via the keto-niirile (4) viz.

FCE_ C=Ir + Ou, (CN)2--)FCH2. C. CN
1} I

0 0
di].\l, HC1
FCH. ¢ - COOH
2
0

was equally unsuccessfules No liquid product could be distilled from
the mixture obtained on treating fluoroacetyl bromide with cuprous
cyanide. Botn Sir Rudolph Peters and Dr. F.L.M. Pattison (personal
communications) have obtained similar results.




3. Since ethyl lactate ocan readily be oxidised to pyruvate (5) the
following sequence of reactions was the next considered:

H

P, CH CHO _HCGN , FCH. C. CN (1) HO H
’ 2"y ORI 0000,y
]
OH (2) o H0n 2 on
L 4

Fluoroacetaldehyde has been prepared in 6% yicld by reastion of
fluoroethanol with mangenese dioxide and sulphuric aeid (6). It was
found thut this material could be prepared in greotly improved yield
(30% as determined by dinitrophenylhydrazone Tormation) by the
dehydrozenation or fluoroethanol over cojpper-barium chromite at 330 .
The crude product contained ruch polymer. It was treated with
aquecus sodiun cyanide (or hydrocysnic acid contoining a little
potassiun eyanide) and then hydrclyscd with concentrated hydrochlorio
acide  Only smell amounts of fluorine-frec naterial were obtained.
This method havinz proved unsuitable, others were excmined. It was
found that fluorolactic ester soull be prepared in 38% overall yield
by oxidation of epiflucrchydrin with nitric acid, follewed by
eaterification of' the acid.

Ethyl fluorolactate { T 223C ) is only slightly toxic. The
ID, . mice, subcutaneous is 20C mg./kg. for thc ester and 15C mg./kg.
for the acid.

The next stage, the oxidation of ethyl fluorolactate to the
pyruvate, proved very disoppointing. Punanganate was considered to
be the rost useful oxidant anl was used in ~ varicty of ways.  With
free fluorolactic acid it gave flucroacetic acid, whilst small amounts
of starting materinl were the only isolable rroducts cbtained with
ethyl fluorolactatc. Tt mipght be noted in passing that lactic acid
(cr its ester) yielded jyruvic acid (or its ester) under identical
conditions. Fluorcpyruvic ancid and its ester appear to be unstable
and arc oxidised further under these conditions. Fenton's reagent,
acid dichromate and alumium isopropoxide were equally unsatisfactory
oxidising agents.

Although the oxidation of fluorolactic ueid to pyruvie acid
has so for not met with success it is still considered that this is
a very promising route to the keto-acids It is a question of finding
the proper oxidising agent. Nebromosuccininide and N-bromoacetamide
have recently been used with signal success in the oxidation of
ateroidal secondory alcohols to ketones and riny well be of use in this

[a2-E:15 1Y




b Wislicemus (7) first described the conversion of ethyl oxalacetate
to pyruvic acid by aocid hydrolysis. This method has recently been
applied to the synthesis of a series of o) =keto acids (8). Hence,
hydrolysis of ethyl fluoroxalacetate might be expected to produce
fluoropyruvic acid.

?OC)CZH5 C|}H2F

FCH H,0 C=0 +C0 + GC,HOH
| s 2 %3
C - 000021‘15 COOH

]
0

Ethyl fluoroxalacetate was readily decarboxylated on treatment with
hydrochloric acid but the small amount of semierystalline product
obtained reaeted only slightly with dinitrophenylhydrazine. Since
there is no reason for supposi that fluoropyruvic acid does not

form a dinitrophenylhydrazonc (bromopyruvic acid and ethyl fluoroxale
acctate do) it is considered that no more than a trace of fluoropyruvie
acid oould have been present in the hydrolysis produect. In another
experiment, in order to prevent possible decorpesition of fluoropyruvie
acid during distillation, the hydrolysis product was estarified before
distillation, but again it gave only a slight precipitate with
dinitroilhenylhydrazine solution.

5. Gault and co-workers (9) have prepared chloropyruvie acid from
oxelacetic ester by a rather neat method viz.

. H
L
0’.‘,—000‘32;.5 aqueous 0= (IJ- ?. COOCZHS
HO - C _@1__1__4 - G c _H
o=t + CeHgCHO A
= c
\csoc s (cr heptaldehyde) 0 6“ 5
5% yield
Lo,
(l:l
0=C-—C. COOCZHS
Ccl. CH2 C, COOH reflux with | ‘ H
‘é) N 555: HC1 0=C c”
~
C
4Ok yield \‘o/ 6H5
+ CGHSCHO quantitetive yield
i 1
. 02H50H R 002 not distillable




Because of the difficulty of fluorinating with elenental fluorine this
procedurs was adepted thus to the proposed synthesis of fluoropyruvie
acid: -

¥

| |
=0 COOCZHB b
HCL1 |
0=0 PO =S 5 o —H
\ ~
25 0]

reflux with v
—&-————9 FCH, C COOH + C CEO 0 co
SO% Hel Hz § + 6H5 + 02H5 H + 2
0

A reaction appeared to occur when e mixture of ethyl fluoroxalacetate
and. benzeldehyde was saturated with hydrochloric acid gas, for heat
was evolved ond high-boiling material was produced. The crude produet
wos hydrolysed and the acid fraction separated, but it gave only a
feint preeipitate with dinitrophenythydrazine solution. Infra-red
exemination contirmed the absence of any carbonyl group in this

material and pointed to its being an anhydride. It was not investigated
further.
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AFFENDIX

Experinental

Ethyl Jluor-xalacctate

Ethyl fluoroacetate (122 ¢.) was wided dropwisc with stirring
at roci: tewporature durln: 1, how. o oo dxture od othyl ox.late
(174 ) wed othe s (450 1)) eortidngne 1o lel-rroe sediw.
othexide {(frow. 25 7. sodiu. o daye LAl the serdesolid
preduct was brolon wp wd acidificd Ly the o pid ~dlition of Sh~hydro-
chleric weid (24C 1d.) eoclud to -ZC7.  Slow addition or ceid
results in greatly rceduced yicld of oxalnectates  The ether layer
was seyarated and the residuc twico extracted with ether. The
nconbined ether extracts were washed with siturated sodiun sulphate
and eveporuted. Distillation of the residue jave cthyl fluoroxalacctate
as e colourless liquid, ropidly turning pale yellow (33C 2. & 55 s
bepe 99°/3 mu. :ND25 14203,  Founl: G 47.2 H 5.45: CghhOsF

J

requircs C 46.6 H 5.4%6. It gives o reddish-browm ecolour with
forriec chloride. It railed to form o co;, or vnolate when shaken in
chlorofornm soluti-n with acgueous copper acehate. In o burfered
aqueous aleoholic solution o seuderriazide it uve on standing a
violet=-coloured solution but no swlil durivative. The 2,4 dinitro-
zhenylhydrazone erystellised frow wleolol in yellow needles,

Mep. 155°%,  Found: C L3.6 H 4.C N WU7; C_ E. ON P pepiires

) 115 8 4
C L43.5 H 3.9 N U5k,

From some preparations of fluoroxnlacetatc therc was isolated a
fairly large amount of motericl, b.og. L‘.;.(C\ /1 mi  On alling ether=-
petroleun ether mixture rnd leavir, it 07 this sclution deposited
heavy cclourless rcedles, t.j. €7 = 7C7, raised tc 7¢ = 71° on
reerystallisation fron the sare solvent, t'ound: C 46.'5)3 s, U595,

H 4,07, 5.5 .  The yicld s sometioos as high s 3~ of the
fluorcacetate uscd. Tt cortine! no rlucrine and failed to form
a dinitrophenylhypirazone in either ethanclic or ncetic aeid
solution. It is readily scluble in ether and ethanol, insoluble
in petroleum ether and water. When o golution of this material in
ethanol (or methanol), saturated with amonia, was ollowed to stand
crystals formed within two hours. These wers separated and
recrystallised from water to form tiny necdles, me.p. 201° (dse.).
Fourd: C 29.8% H L4 N 18k, 17.%.

Ethyl fluorocitrate

A mixture of ethyl fluoroxalacetate (36.0 g.), ethyl bromo-
aocetate (27.3 g.) and benzens (50 ml.) wos added to activated zine
(13.6 g.) at such a rate as to maintain gentle reflux. After boiling
under reflux for e further hour 3 Nesulphuric acid (100 ml.) wes added
to the cooled solution. The benzene layer was separated, washed
with aqueous sodium cerbonste, dried and eveporateds The residue



distilled with some decomposition at 120°/10"Lm. 4o give crude ester
(7.6 g) and mch black taré Redistillation in vacuo furnished pure
moterial (6.0 g5 124); Np® 1.439.  Fownl: C 49.4 H 6.6; Cp H) O.F
requires C 49.C H 6.55’3. It crystallisel on leaving at o° for
several weeks and formed needles, m.jy. 41°,  The yield of ester was
not imyroved by increasing the proportion of zine and of bromoacetate.

The fluorocitrate (0.5 7.} was hydrolysed by boiling under reflux
with 3 N-hydrochloric acid (15 ml.) for 6 hours. The acid was
isolated by contimious extraction with ether and dried in vacuo for
several days over phosphorus pentoxide. It is very hygroscopie and
was eonverted to the barium salt thus..alf normal sodium hydroxide
was added to neutrality followed by hot agqueous barium chloride
(0.8 g. in 5 ml.)e The cooled sclution was filtered, the precipitate
washed with cold water till free of chloride ions and the barium
fluorocitrate dried at 11C°/10 wm. (0.50 g.) for 16 hours.  Found:

Ba 49.3k. CgH)0-F 3/2 Ba requires Ba 45.87. CGHLO 3/2 Be % H,0
requires Ba 49.34%  For comparison bariun citrate, prepared in the
seme way, was also analysuds  Found: 3a 51.53.- 06H5O7 3/2 Ba
requires Ba 52.14. C6H507 3/2 Ba H,0 requires Ba 51.56%.

The attempted fluorinaticn of ethyl chloropyruvate

The ethyl shloropyruvate was rrepcred as follows: Ethyl pyruvate,
Depe UC = 114-80, was obtained froem the acid by azeotropie distillation
with ethanol and toluene. & mixture of this ester (61 g.) and
redistilled sulphuryl chloride (72 z) containing a trace of benzoyl
peroxide, was left at room temperuture for 2 days with occasional
warming.  Distillation of tgc rroduct ip_vacuo afforded ethyl
chloropyruvate, bep. 87 = 91 /15 mmy ND‘5 1.4441; yield 66g.

(83 %)s The recorded b.p. is 90°/15 rm. (10).

In a typical fluorination expuriment a mixture of chloro-ester
(7.5 g.) and finely powdered dry potagsium fluoride (3.0 g.) was
stirred for 3 hours at room temperatu~c. Warning the mixture even
to 60° caused dissolouration. Dry ether (30 ml.) was added, the
s0lid filtered off, the solvent evojcrated and the residue distilled
under reduced pressure to give unchunsed mnterial (1.4 g.), beps
580/ 6 mm.  When the reaction ternperature was raised no distillable
product was obtained. & similar lack of success attended the use
of sodium fluoride~bifluoride mixture, antimony trifluoride in
boiling benzene, hydrofluoric aocid and of armoniun fluoride as
fluorinating agents.

The reaction of fluoroacetyl bromide with cuprous cyanide

Fluoroacetyl bromide was pgepare& from fluoroacetic acid e.r%
phosphorus tribromide; b.pe 87°. The recorded bep. is 95 = 96~ (11).

Cuprous cyanide was prepared in a fume cupboard by adding, with
shaking, an aqueous sclution of potassiun cyanide (2 mols.) to a



solutim of eopper gulphate (1 mwol.), the temperature of the nixture
being kept below 257 by eooling.  The preci,itatc was filtered off,
washed (nd dried for 2 days in vacuo over phosphorus pentoxide. It
reocted satistactorily with acetyl brondde.

Cu,rous eyonide (11.0 7.) was added in portions through the
cordens. » to rluor~acetyl brepide (17.0 ) contrined in o flask fitted
with a roflux condenser and drying=tubc. The nixture was hcated for
3 hours ‘noen oil-bath at 13¢7,  The poeratus wos then set for
drvrmwerl distillation under o vreuad of 4C e but w distillate was
obtadnel.

The yreo,-ratin and oxidation of fluorolactic egter

(a) atteompted —revarati-n fron fluorocthanol

The pre; aration of the catalyst anl the procedure used for
Jehydro: wnaticn arc deseribed in Vogel's bock (12).  Because the
condenser tenlel to loacme bleekeld with the larse wount of polymer
frried it was Qispenscd with, wndl - wide tute, leadin inte a long-
necked rlask rnl eroled to =25, was ecnnceted to the end of the
cembustion - tube.  Less relymer rformel on workin: nnder reduced
pressur. and loter ex;erinents were conluctul at cbeut 30 ma. jressure

In @ typienl cxperinent rlucrcethanel (30 ) save 20 me of produet
On ~ent” - worrdn: the polymer present rormed o YLob. The superpatant
liquil eontnined 55 of aldehyde as Jetermined Ly iweons of
2,h=dinisropienylhvirnzine (13).  Hydregen cyanide (13 g) was added,
no heat was cvulvel, mni the tightly stojiercl flngk was Lleft at
room te.cerature fur 4 dayse.  Artor low-boiling naterial had been
removed nrder water-puwnp vacuc roncentratel bylrochloric aeid (40 m1.)
woes add.le The mixture bLecwre warm, was coolel in running water,
ard then heatod for 4 hours at 65,  Water (40 11l.) was added, the
acid isolatel by contimuous oxtraction with cther and Jdistilled in a
shortepnth still 5 120G - 15C“/10"2mm. to cive o strawecoloured
distillrse (341 pe ) which contained no fluorine.

NeTrepaaed, treated in the sane way (uxcoyt thet the dehydrogen=
aticn was carried out at stmosihere sressure) gave & =hydroxybutyrie
acid in 33 yicld.

(b) Ereparation from epifluorohrdrin

The epiflucrohydrin was pregared by herltir.}g ¢pichlorohydrin in
o Totating autoclave (20C rep.m.) at 190 = 2057 for 12 hours with dry
sowdercd potassiur fluoride (1.5 mols.) (c.f. (11)). The temperature
st not be raised above 21C° otherwise extensive polymerisation
occurs. Aftcr cocling, the liquid ecor*ents of the autcclave was
distillcl out under a vacuun of 1k rm., the receiver being cooled to
=1¢°, The product was twice distilled throuth a 15" /Fenske columm
to give opifluorchydrin, beps 850, ND25 1.3679, in 345 overall yield,

57/'5 yiell ealeulatod on recoveredl c)ichlorohyirin.




The oxidation of the epifluorohydrin was carricd out as follows.
Epifluorohydrin (58 g.) was dro_oed during 15 mirutes with stirring
into a mixturc of water (58 ml.) and nitrie acid (S.G. 1.42; 20 ml.)
contained in a 5C¢0 ml. flask, fittol with a Iwble-surface cordenser,
glass neroury-seal stirwer and seyarotirg tunncl and heated on a
steanrbeth., More nitric aeid (ICC nl.) wos then odded, the mixture
heated Tor a further 3 hours and  left overnipht ot room temperature.
Water aud nitrie acid were removed unicr wator- wny vacuo; the
presencs of traces of hydro=fluoriec acid rcsults in the formation of
small sounts of silica. Hot water (7 1) was ndded, followed by
powderel calcium cwrbonate until erfervescence ceoased (ab ut 70 g.).
The precipitate of ealeium oxalate was filtered off at 60, the
filtratc acidified with eoncentrateld hydrochloric acid (1CC ml.) and
the flucrolactic acid isolated by ecntimious extraction with ether.
On esterification by czeotropic distillation with ethancl and benzene
it gave ottyl flucrclactate (4O g 385), bep. 74°/12 rm.; Ny
1.4078. Found: C 4.k H 6.7; C-HO:F requires C 4.1 H 6.7%
Esterification of the acid by boiling uhder reflux for 5 hours with
abgolutc ethanol (20C ml.) eontuining 5. hydrochleric acid gave a
367: overall yield cr the ester.

The p-nitrcbenzeate of ethyl flucrclactate formed needles,
mp. 67 = 67.5°, atter two recrystallisatiors from 40/60 petroleum
ether, It was dried at 4CY/2 mm. for 10 heurs before analysis.
Found: C 50.7 H ki CpoHy 04l repires C 50.5 H he2s  The

benzoate is on oil which could neot be crystallised.

A porticn of the ester vas hylrol sed Lo the weil which distilled
at 1000/ el 1T Tuoreclactic acid foomed o r-bromenhenacyl ester,
0 . . ‘
mep. 126 , after three reerystallisctions £orom methanol, Founds

C 42.6 1 3.5; O, .0,0x F roquizel O 433 F 2.3/

Attepts to (vep re Jluorolactndls by g raticn of the ester
with amronia ;ave o buown oil wdhish couwllr L to rovotnllised.

(e) Attenpted oxidotion of flunouctrz: o flnoroyyruvate.

The oxidation of fluorolactatc with jeriamyrnate was performed
easentially as desoribed in Orpanic Syntheses (5),.cxcepting that
benzene vias substituted for petroleum cther bocausc ol the
ingolubility of thc ester in the latter. Alst, the anount of .
sodiun dihydrogen phosphete was inereased so as exactly 50 neutralise
the alkeli formed. However, fron the reaction between ester (6.8 g)
berzene (50 ml.), potassiun permanganate (6.6 g.), sodium dihydrogen
phosphate (6.6 g) and saturated magnesium sulphate (15 ml:) only
unchanged fluorolactate (3.6 g.) identified ty boiling peint and

refractive index, was isolated.

- 10 =




The acid hydrolysis of ethyl fluoroxalacetate

SNehydrochloric aecid 290 ml,) was added carefully with shaking
to ethyl fluoroxalagetate 12 3.), the temperaturs of the reactants
being kept below LU~ by cooling. Alfter stonding at room tenperature
for 2 days the mixture was heated at 7C = 8(° until effervescence
ceased (about 1 hour), cooled and extracted eontimicusly with ether.
The dried ether extract was evaporated and distilled under reduced
pressure to jive a scmicrystelline solid (1.5 3.), beje 630/2 M.

It could be recrystallised with difficulty from benzeone and farmed
hygrosccpic needles, meDe about 72°.  Found: equivolont weicht 83;
05H305F requires equivalent weijht 106, It contained fluorine but

gave only a sligsht precipitate with a N~hydrochloric aeid solution
of 2,4=dinitrcphenylhydrazine.

In another experiment the aecid obtained from the hydrolysis of
the rluocroxalacetate was esterified by azeotrcpie distillation with
benzene rmdoethanol and then distilled in vacuo. The resulting ester
had bepe T5°/15 mn, Ny 14078, Found: © 45.4 H 6u1; CgHoOsF

requires C 44.5 H 5.3%  When hydrolysed tc the aeid nnd treated with
dinitrophenyl-hydrazine solution only a sli ht milkiness foroed.

Condensation of ethyl fluoroxalacetate with btenzaldehyde and hydrolysis
of the product.

When a streanm of dry iydrochloric acid gus was passed through a
mixture of ethyl fluoroxalacetate (13.4 o.) and benzaldehyde (840 ge)
for 2 hour (c.f.(14)) it increased in terperature und turned first
light brown, finally light ,reen in colour. A4fter 7 days at room
temperature SN-hydrochloric acid (80 ml.) was added, the solution
boiled under reflux for L hours, and then extracted contimously with
ethers The ether extract was neutralised with aqueous sodium
bicarbonate, the ugper loyer containing benzoldehyde withdrawn and the
lower layer acidified and extracted contimiously with ether. The
ether sclution was dried, evaporated and distilled in vacuo through a
shortepath still to give a liquid, bep. 13¢°/15 mme (1.2 o), which
partly crystaliised on standinje It did not rcaet with dinitro-
phenylhydrazine solution.

-ll-n
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